Abstract: The purpose of this paper is to examine the long run as well as the short run relationship between exchange rate and interest rate in the context of Pakistan. Annual time series data have been used over the period of 1980 to 2015. Augmented Dickey-Fuller (ADF) unit root test, Johansen and Jeuuselius's cointegration technique, auto regressive distributed lag (ARDL) bound testing model, error correction model (ECM), CUSUM and CUSUM of square tests for stability of model and, causality analysis in supporting variance decomposition are used to meet the research purpose. The study concluded the existence of a significant positive relationship between exchange rate and interest rate in the long run as well as in the short run in the context of Pakistan. These results are consistent with theoretical aspects. It is suggested that Pakistan should form economic, policies, especially monetary policy, keeping view the relationship between exchange rate and interest rate.
Introduction
In the current era of economic competition, monetary policy is significant for the economic growth of any country and vital tools of monetary policy are exchange rate and interest rate, both play important role in the economic development of any country. The purpose of the study is to explore the short-run and long-run relationship between these two variables.
History of Pakistan's exchange rate policy stated as from 1947 to 1970 Pakistani rupee was associated with British pound sterling after separation of East Pakistan shifted to US dollar following the fixed exchange rate policy from 1971 to 1981. After a significant depreciation of 38.5% in Pakistani rupee, then managed floating policy was adapted from 1982 to 1999, in 1998 due to the nuclear tests Pakistani economy faced a severe depression again Pakistani rupee was depreciated. After 9/11 the whole world situation changed and Pakistan adopted free floating exchange rate policy from 2000 to present.
In the economic development of any country, both exchange rate and interest rate have a significant role, to control monetary policy there are significant tools. In past many studies have been accomplished regarding; Association between exchange rate and interest rate differentials, results has been found consistent with theories of economics as negative relationship with constant price and positive relationship in the long run with flexible price, except insignificant with the real interest rate (Scott Hacker, Karlsson, & Maansson, 2012; Narayan & Smyth, 2006) . Some researchers predict the relationship between post-Keynesian v/s neoclassical explanations on exchange rate movement and investigate the effect of exchange rate variation on price and output and find the result in favor of neoclassical approach, conclude that probable fluctuation has insignificant effect on price and output and It is recommended that monetary policy should be purpose to decrease the wide-ranging variation in exchange rate (Harvey, 2005; Kandil & Mirzaie, 2005) . Explore the impact of productivity shocks on nominal exchange rate variability and investigate the effect of black market exchange rate on the stability of money demand in Pakistan. Variation in nominal exchange rates is explained by productivity differentials in both tradable and non-tradable sector and results also support the theory of research and find the long-term relationship among black market exchange rate, inflation, money demand and income (Zakaria & Ahmad, 2009; Rehman & Afzal, 2003) .
However, in the context of Pakistan, many studies have been conducted in past regarding exchange rate with different variables and other economic indicators. The central purpose of this research is empirical to analyze the short-run and long-run association between exchange rate and interest rate through ARDL Bound testing and ECM in the context of Pakistan by using the annual time series data for 36 years from 1980 to 2015.
• What is the long-run and the short-run relationship between exchange rate and interest rate in the framework of Pakistan?
This study consists of five sections, following the introduction, Section 2 consists of literature reviews of selected studies, research model is formulated in Section 3, the result of all estimations are discussed in Section 4 and the conclusion is discussed in Section 5.
Literature Review Theoretical Background
Fisher Effect indicates a positive relationship between a country's nominal interest rate and its price level or inflation, explained how the nominal interest rate is affected by growth in money in the long run, but no effect on real interest rate, as the growth in money increases inflation which also affects the nominal interest rate positively. Purchasing Power Parity: according to this theory of exchange rate a unit of any currency can buy the same quantity of goods in any part of the world, this theory is based on the principle of one price. How this law applies in the international market, suppose One rupee could buy more coffee in Pakistan than Japan, international traders will purchase coffee from Pakistan and can export it to Japan. On the other hand, one rupee could buy more coffee in Japan than Pakistan, and then traders can purchase coffee in Japan and will import it to Pakistan.
According to Johan Maynard Keynes, Purchasing Power Parity and Fisher Effect are only applicable in the long run with a flexible price. But with sticky price asset approach is applicable. Interest Parity proved the association between interest rate and exchange rate, as a rise in interest rate is followed by exchange rate, reduce in exchange rate, leads to appreciation in the value of home currency like rupee and decrease in interest rate is followed by rise in exchange rate, leads to depreciation in the value of home currency (Mankiw, 2004) . Exchange rate as a tool of monetary policy: Depreciation effect: if the exchange rate decreases as a result price of exports reduces and price of imports increases, exports become more competitive in international markets and imports become less competitive in the local market, so depreciation of currency could be good for the country, but it could also increase inflation in the country, if its production capacity can meet the demand of the market. China and Japan are the best examples.
Appreciation effect: if the exchange rate increases, as a result, exports become more expensive as compare to other countries in the international market and imports become inexpensive in the local market as compare to local products it might not be good for the country in a given situation but it is the technique to control inflation.
If it is the policy of the government to use the interest rate as an instrument, it may be either changing composition of interest rate or broad level of interest rate. Long term rate may be possibly controlled by raising or decreasing the PSBR (Public sector borrowing requirements). Short term rate may be possibly controlled through open market operation in the discount market. It is suggested that short-term rate policy should be used as a monetary policy tool.
Empirical Studies
We need an extensive literature review to support and for further confirmation of the relationship between our focused variables, on the basis of previous studies we can analyze either result are supported or not.
According to previous researchers, such as Scott Hacker et al. (2012) investigate the relationship between exchange rates and interest rate disparity and the negative relationship is examined in the short run and positive relationship is found in the long-run between the focused variables. Greenaway, Kneller, and Zhang (2012) investigated the exchange rate's effect on firm exports and FDI role in the United Kingdom manufacturing Industry and multinational firms of EU and outside the EU, established that firms' export participation decisions are not significantly associated to exchange rate movements but it has a significant negative effect on the export share of the firms after entry. Multinational firms originating outside the EU are less affected than inside EU firms by the movements of exchange rates. Colantone (2012) inspects effect of real exchange rates and trade openness on job reallocation and found that real appreciation has a negative impact on net employment growth while job creation is not significantly affected but it is also suggested Belgium is a small open economy. Zakaria and Ahmad (2009) explore the effects on the nominal exchange rate inconsistency of production shocks in Pakistan, find that deviation in nominal exchange rates is explicated by productivity differentials in both trading and non-trading sector and results also support the theory of research. Duttagupta and Tolosa (2007) estimated that agencies having fixed exchange rate can earn larger incentive to spend than other exchange rate regimes, depending on the agency's ability to capability the cost. Such behavior is not possible in the flexible regime. After that empirically, fiscal stances are more freely riding in regimes with fixed pegs and currency union than flexible regimes. Lewis (2007) primary discovers the real appreciation of the dollar because of a little but significant involvement of the Balassa-Samuelson result over the specified time period 1981-2003, supplementary production upset illustrate the deviation in the euro-dollar exchange rate but are less essential than nominal and demand shocks. Baldwin and Yan (2007) concluded that pace of regulation of Canadian and United States prices is much less overstated by industry features related to the production scale, import penetration and the grade of product discrimination between home and overseas imported products. Taguchi (2007) analyzes the impact of financial crisis on selected countries with the help of exchange rate management in the four East Asian countries post-financial crisis, predicted Philippines and Korea might reduce US dollar dominance while Korea and Indonesia might raise the weight to the Japanese Yen and Euro. Machnes (2006) examines that there is considerably association in the expected future scale of spot exchange rate and trading volume of call and put options and business volume of put-to call options. This association is inversely related to the time frame as more time is passed weaker the association will be than before. Dealers approaches are inconsistent with the outcomes of this research. Previous studies have proven the role of options business volume in the prediction of spot exchange rate. Narayan and Smyth (2006) analyze the positive long run relationship among all three variables has been found except insignificant relationship has been found with the real interest rate. But the short run relationship is significant and non-monotonic. Groen (2005) investigates that major exchange rates have demonstrated an appropriate low-frequency co-movement with corresponding monetary fundamentals, mostly we assume that the behavior of Germany based monetary fundamentals has been suitable for both the pre-1999 and post-1999 period as EMU (European Monetary Union). Kandil and Mirzaie (2005) observe the exchange rate fluctuations effects on output and price, found that anticipated exchange rate movement has less effect on output and price level whereas unanticipated fluctuation in exchange rate has a significant effect on output and price level in many developing countries. It is recommended that monetary policy should aim to reduce the wide-ranging variation in exchange rate. Azid, Jamil, Kousar, and Kemal (2005) examine the positive but insignificant support of the position that the excessive movements of the exchange rate have pronounced effect on the manufacturing production, the concerns of policy makers about the cost of flexible exchange rate are not accepted by the result. Bahmani-Oskooee and Goswami (2005) explores that domestic and foreign price levels are not weakly exogenous in many countries. Larsson (2004) investigates the affiliation of Swedish real exchange rate with other currency regimes like Germany, this study is concluded with the support of Unit root test, cointegration, and ECM that there is long term association (cointegration) between real exchange rate and productivity of Sweden and Germany. But at the same time in the short run, the exchange rate regime has subjected for the dynamics of the real exchange rate. But in the long run, equilibrium have been attended immediately as the exchange rate is floating freely. Li (2004) found that real exchange rates depreciate after trade liberalization for the countries having multiple liberalizations, but exchange rates do not depreciate in an early stage. It is suggested that partial liberalization prevents adjustments toward the equilibrium of exchange rate. Rehman and Afzal (2003) concluded that there is cointegration among M2 and income, inflation rate and black market exchange rate and find a stable relation for M2. Helmut (2003) examines the nonlinear association between exchange rate indecision, the impact of exchange rate deviation on trade growth is found to be weak. When there is out sized variation in the exchange rate as the result there is conditioning gain in trade growth and empirical results are in favor of the view that might be a nonlinear relationship of interest. Furthermore, lacks homogeneity across countries and imports vs. exports. Peridy (2003) finds the result as, the effect of exchange rate fluctuation on export differ significantly, accordingly industry and target market or country. As a result, divisional and geographical both this prejudice are found when analyzing the response of exports of G-7 countries to exchange rate fluctuation. Rahman and Basher (2001) analyze the exchange rate disorders and real exchange rate performance in the framework of Bangladesh from the period 1977 to 1998 discover that Bangladeshi currency Taka was overvalued during the late seventies and eighties but was in equilibrium during nineties. Devaluation process was adopted by most of the trading allies to preserve the real exchange equilibrium, resulting Taka was also devalued. Ahmad and Ali (1999) estimates the association between price level and the exchange rate is bidirectional and impact of inflation on devaluation is larger than the impact of devaluation on inflation. For policy formulations, both these focused variables are interrelated and are vital tools for monetary policy.
After extensive literature review, we found mix results, most of the studies are supporting a long-run relationship between interest rate and exchange rate, but in the case of short-run relationship results are mixed. So for further confirmation, we need to estimate the relationship between these two variables.
Methodology
In accordance with the previous studies, the model to investigate the long run as well as the short run relationship between exchange rate and interest rate in the context of Pakistan, following framework is used:
Whereas LER represents the log of the exchange rate between PKR and USD, IR represents interest rate, GDP economic growth and CPI represents inflation, (α) is constant, (β) for coefficients, e is error term and t for time series data. In this model exchange rate and interest rate are focused variables, whereas other are control variables.
Unit Root Analysis
Augmented Dickey Fuller (ADF) unit root tests is applied to examine the stationary properties for long-term connection of given time series data.
Where ∆ is first difference operator, t is a pure white noise error term, α 0 is a constant number in the equation, k is the maximum number of lag of criterion variable and Y t is a series of time. Dickey and Fuller (1979) 
Cointegration Analysis
To study the long-run relationship between focused variables, we used the autoregressive distributed lag (ARDL) method of co-integration established by (Pesaran & Shin, 1998; Pesaran, Shin, & Smith, 2000 . ARDL approach has preference over other cointegration methods because ARDL can be used regardless of whether selected variables are stationary at I(0), I(1) or mutually co-integrated (Pesaran & Shin, 1998) . The ARDL method has better estimated for small sample properties (Haug, 2002; Shah, 2016; Sharif, Raza, et al., 2016) . Regardless explanatory variable is endogenous even then in ARDL method, the estimations may be performed (Pesaran & Shin, 1998; Pesaran et al., 2001 Pesaran et al., , 2001 ). The ARDL model is developed for estimations as follows:
Whereas ψ represents constant and µ denotes error term and the error correction dynamics are denoted by the summation sign while the second part of the equation corresponds to the long-run relationship. The null hypothesis of no cointegration is rejected if the calculated F-test statistics exceeds the upper critical bound (UCB) value. The results are said to be inconclusive if the F-test statistics fall between the upper and lower critical bound. Lastly, the null hypothesis of no cointegration is accepted if the F-statistics is below the lower critical bound (Nathan, Liew, & Wong, 2016; Arif & Suleman, 2017) .
Error Correction Model
After confirmation of long-run relationship, ECM (Error Correction Model) is used to estimate the short run relationship among selected variables, according to given results of ECM, error correction term has significant probability with negative coefficient which is the confirmation of short run relationship among selected variables.
Results and Estimation
The basic purpose of this study to examine the relationship between exchange rate and interest rate of Pakistan in long run as well as in short run for this purpose also used control variables like gross domestic product and inflation. World Bank and State Bank of Pakistan are the main sources of data collection of all variables. To find out the relationship between exchange rate and interest rate of Pakistan, statistical techniques used are the ordinary least square technique in regression analysis, Augmented Dickey-Fuller (ADF) unit root test to check stationary properties of data and to examine long run relationship between observed variables Johansen and Juselius Cointegration for further confirmation ARDL Bound testing is also applied, Error Correction (ECM) is used to analyze short-run relationship and Granger Causality is used to estimate the cause and effect of focused variables.
Stationary Analysis
Stationary properties of time series data have been analyzed by Augmented Dickey-Fuller (1979) unit root test. Results are exhibited in the following Table: 1 as all considered variables are stationary at first difference. It means all variables do not have the problem of unit root and are stationary at a critical level of 1%, 5%, and 10%. After confirmation of stationary properties of all selected variables of the model, so move forward for further estimation.
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Ha 1 : There is a significant relationship between exchange rate and Interest rate of Pakistan during long runs.
Long Run Relationship Analysis Cointegration
To explore out the long run relationship between considered variables Johansen and Juselius (1990) cointegration test has been used. Trace statistics and Max. Eigen Statistics have been applied to predict cointegration. Table: 2 explained the calculated values of these two tests. Test hypothesis is there is no cointegration between the selected variables is rejected by the estimated values and the long run relationship is found among our model variables at a significance level of 5%. Ha 2 : There is a significant relationship between exchange rate and Interest rate of Pakistan in short run.
Short Run Relationship
After confirmation of long-run relationship, ECM (Error Correction Model) is used to estimate the short run relationship among selected variables, according to given results of ECM, error correction term there is not any short-run relationship between exchange rate and interest rate of Pakistan. Error correction term of given model is significant and negative, but overall model is insignificant.
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Stability of model
The stability of short run model in the given sample size is estimated by using the cumulative sum (CUSUM) and CUSUM of square test on the recursive residuals. According to Brown, Durbin, and Evans (1975) to identify an organized change in coefficients CUSUM is used, and CUSUM square is used to identify an abrupt change in the constancy of regression coefficients.
(The straight lines represent critical bounds at 5% significance level) Figure: 1 Test of Stability
According to above results, there is no structural instability in the residuals of selected short run model, as above figures represent the results of both CUSUM and CUSUM of the square test are lie within the critical bound at 5% (Raza, Jawaid, Afshan, & Karim, 2015) .
Causality Analysis
The direction of causality between exchange rate (dependent) and interest rate (independent variable) is analyzed by Granger (1969) results of causality analysis of selected model is given below according to given results there is unidirectional causality from interest rate (IR) to exchange rate (LER) except at lag-5 there is no granger causality between these two variables, it means interest rate of Pakistan does cause exchange rate of Pakistan in next 1,2,3,4 and 5 years (at lag 1,2,3,4 and 5) according to results IR (Interest Rate) and CPI (Inflation) granger cause LER (Exchange Rate) as rejecting test hypothesis of does not Granger Cause, having probability of F-Statistics less than .05(5%). To analyze the strength of the causal relationship between exchange rate and interest rate, error variance decomposition method is used under VAR system, it provides the magnitude of the estimated error variance for selected series with each exogenous variable over the different time period. Table: 6 provides the result of variance decomposition analysis. According to VAR lag selection criteria maximum, 1 lag was selected for given model. Results show that variation in the exchange rate is 100% explained by own sake in the period 1. In period 2 variance in the exchange rate is 92.56% is explained by own shock, 6.77% is explained by shock in interest rate, 0.52% and 0.13% is explained by shocks in inflation(CPI) and economic growth(GDP). Respectively in period 5 variance in the exchange rate of Pakistan has explained 64.68% by own shock, 29.89% variance in the exchange rate is explained by shock in the interest rate of Pakistan, 5.26% and 0.15% variances are explained by shocks in inflation and economic growth of Pakistan. Finally, in period 10 exchange rate own shock variance is 47.41%, interest rate shock variance is 41.07% and variances due to the shocks of inflation and economic growth are 10.59% and 0.91% respectively.
Conclusion and Recommendations
Conclusion
Pakistan is a developing country and economic performance of Pakistan since 2008 has been very unfortunate because of terrorism, ruthless energy crisis and poor law and order situation in the country. In such terrible conditions, both exchange rate and interest rate are very significant features for the economy of countries like Pakistan. Exchange rate and interest rate both play an important role to manage the monetary policy of any country. The principal attention of this study to approximate the relationship between exchange rate and interest rate of Pakistan from the time period 1980 to 2015. The results of the study suggest that there is a negative relationship between interest rate and the exchange rate of Pakistan in the long run and no relationship in the short run, after controlling the impact of inflation (CPI) and economic growth (GDP).
In case of an increase in interest rate of Pakistan the exchange rate of Pak Rupee against the US Dollar will decrease, because of the high inflation value of Pak Rupee will depreciate against the USD (Depreciation of PKR), on the other hand decrease in interest rate will also decrease the exchange rate of Pak Rupee against the USD as appreciation of Polk Rupee.
Current interest rate (5.75%) is the lowest interest rate in the history of Pakistan; similarly, recent performance of Pakistan Stock Exchange is at its best breaking the record of trading because of positive indicators of Pakistan's economy and China-Pakistan Economic Corridor (CPEC). According to a recent report by the International Organization "Emerging Markets", Pakistan has declared the "Best Country for Infrastructure Development in South Asia", according to IMF/World Bank Annual meeting 2016.
Recommendation
This study is regarding the relationship between exchange rate and interest rate of Pakistan and both these variables are the key factors of monetary policy of Pakistan and the current economy is facing the difficulty of mounting exchange rate, which has severely affected our balance of payment because of costly imports. As positive relationships between exchange rate and the interest rate are estimated, so the government of Pakistan should adopt such policies to increase the interest rate (Discount rate), to increase exchange rate, but also controlling the inflation too.
• The government of Pakistan should control the situation of law and order to attract the foreign investment, which will increase the inflow of foreign currencies that would diminish the value of foreign currencies and reinforce the value of Pakistani rupee.
• Pakistan should progress research and development and better infrastructure and wipe up energy crisis to get healthier its production capacity and to enhance international market share with the support of better quality export to generate revenue from international market and also reduce the consumption of foreign products especially luxury items to control the outflow of (USD) or foreign currencies by managing our imports.
• Pakistan should improve its financial market to magnetize foreign and local investment in the financial asset as currently, Pakistan is going to issue Euro bond this will improve the confidence of investors and the overall financial market will get better, this recommendation is useful in the short run.
Future Recommendation
The recommendation can be made in many different conducts for further improvement for future researchers, students, and policymakers.
• In this research the selected sample country is only Pakistan, this study can be examined in other countries, especially Asian countries to compare the overall economic situation of Asia for further betterment.
• In this study relationship is only examined between exchange rate and interest rate, can use other economic indicators too, as foreign direct investment, imports, government spending, domestic investment and money supply.
